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Abstract
Despite the historical rise and recent plateau of child overweight and obesity, levels remain
exceedingly high. To understand these trends and identify targets for intervention it is important to
examine concomitant trends in children’s diets. The objective of the current analysis was to
describe 21-year trends in total energy intake and the major food and beverage sources of energy
among 2- to 18- year olds in the United States (US). Six nationally representative surveys were
examined in 2012, the Continuing Survey of Food Intakes by Individuals Surveys (1989–1991 and
1994–1996, 1998) and the National Health and Nutrition Examination Surveys (2003–2004,
2005–2006, 2007–2008 and 2009–2010). Total energy intake among US children and adolescents
rose considerably from 1989 to 2004, and subsequently declined through 2010. Seven sources
were consistently major contributors across all time points: sugar-sweetened beverages (SSB),
pizza, high fat milk, grain-based desserts, breads, pasta dishes and savory snacks. Intakes of high
fat milk, meats and processed meat products, ready-to-eat cereals, burgers, fried potatoes, fruit
juice and vegetables decreased from 1989–2010 while intakes of low fat milk, poultry, sweet
snacks and candies and tortilla and corn-based dishes increased linearly over the 21-year period.
Significant non-linear time trends were observed with recent decreases in intakes of SSBs, pizza,
pasta dishes, breads and rolls and savory snacks and recent increases in intake of fruit. Energy
intakes of US children began to decline in 2003–2004 and continued to decline through 2009–
2010. However among preschool children (2–5 years old) and children from low income families,
total energy intakes in 2009–2010 still remained significantly higher than in 1989–1991.
INTRODUCTION
Despite the historical rise and recent plateau of child overweight and obesity, levels remain
exceedingly high and the consequences for all overweight and obese youth over their
lifetime remain very important.1–5 To understand these trends and identify targets for
intervention it is important to examine concomitant trends in children’s diets. An extensive
body of literature has provided critical insight into changes in overall food and nutrient
intakes among US children and adolescents; 6–14 however, the majority of this work
examines diets prior to the mid-2000’s. While our research group has studied recent trends
in eating behaviors that may in part explain changes in overall dietary intakes (e.g., increases
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in portion sizes, snacking, eating occasions and the proportion of calories consumed away
from home 9, 15–18), we have not examined long-term 20-year shifts in overall child diets.
The current study was conducted to identify changes in total energy intakes and the major
sources of energy intake among US children and adolescents over the time period
corresponding to the earlier rise and recent plateau of child obesity.2, 5 Using the most recent
nationally representative dietary intake data, this study examined the long-term shifts in
child diets over the last two decades that may have implications for the development of diet-
related diseases.
METHODS
Data Sources and Samples
This study examined cross-sectional data on 2–18 year olds from six nationally
representative surveys of food intake in the US: the Continuing Survey of Food Intakes by
Individuals Surveys (CSFII) of 1989–1991 (CSFII 89, n=4,008) and 1994–1996, 1998
(CSFII 96, n=9,008 ) and the What We Eat in America, National Health and Nutrition
Examination Surveys (WWEIA-NHANES) 2003–2004 (n=3,554), 2005–2006 (n=3,778),
2007–2008 (n=2,966), and 2009–2010 (n=3,124). Detailed information about the operation
of each survey and sampling design has been published elsewhere.19–21 As described below,
each survey has utilized updated versions of the same USDA food composition table,
thereby enhancing their comparability.
Dietary Intake
CSFII 1989–91—Information on dietary intake was collected on three consecutive days
using an interviewer-administered 1-day dietary recall and a self-administered 2-day dietary
record. The main meal planner/preparer within a household reported for children less than
12 years of age.
CSFII 1994–1996 and 1998—Information on dietary intake was collected using
interviewer-administered 1-day dietary recalls on two nonconsecutive days. The 1-day recall
was modified to include multiple passes through the list of all foods and beverages. The
main meal planner/preparer within a household reported for children less than 12 years of
age.
WWEIA-NHANES 2003–04, 2005–06, 2007–08, and 2009–10—Trained interviewers
conducted one in-person 24-h dietary recall and one subsequent 24-h dietary recall over the
telephone utilizing the USDA’s Automated Multiple-Pass Method (AMPM). Survey
participants aged 12 years and older completed the dietary interview on their own, proxy-
assisted interviews were conducted with children aged 6 to 11 years, and proxy respondents
reported for children younger than five years of age.22
Dietary intake data collected by the USDA in the CSFII and by the USDA and the National
Center for Health Statistics in NHANES were designed to provide nationally representative
information on American’s food and nutrient intakes at the time of the survey. In order to
examine trends over time from surveys with different numbers of days of dietary
information and different collection methods, we utilize only the first day’s data (a single
24-h dietary recall) collected from each individual.
Food composition information
Dietary intake data from each survey period were linked to a USDA food composition
database derived from the corresponding time period to estimate nutrient and total energy
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intake. Files for analyzing food and nutrient intakes have been updated over several decades
of food surveys.23 For CSFII 1989–91 and 1994–98 data were used from the Survey
Nutrient Database.24 In 2004, the files were incorporated into one database, the Food and
Nutrient Database for Dietary Studies (FNDDS), for processing WWEIA. FNDDS versions
2.0, 3.0, 4.1 and 5.0 were used for the WWEIA-NHANES 2003–04, 2005–06, 2007–08 and
2009–2010 surveys, respectively.25–28 Every version of the nutrient database is updated to
reflect the US food supply by incorporating new foods based on what is reported in the
survey, updating existing entries, and new and updated nutrients provided in new versions of
Standard Reference. As a result, the total number of food codes has increased with
subsequent database releases from 6,698 food codes in 1989–91 to 7,253 food codes in
2009–10.29 Each nutrient database was derived from the USDA Nutrient Data Base for
Standard Reference, versions 10, 11, 18, 20, 22 and 24.29–33
Food and beverage groupings
The food grouping system used for this study was developed by our team to examine a
variety of research questions. Originating with the nine USDA food groupings, groups were
systematically disaggregated based on nutrient composition, critical dietary behaviors and
similarities in consumption patterns. In addition, select popular foods (e.g. pizza and
hamburgers/cheeseburgers) were classified as their own group. A total of 41 mutually
exclusive food groups and 12 beverages groups were created. Eight-digit food/beverage
codes assigned by the USDA to each item were linked to a designated food group to ensure
that foods and beverages were consistently placed in the same group across the six times
periods used in this study. See Appendix 1 for a complete list of food and beverage groups.
With advances in dietary data collection and coding methods, the flexibility and specificity
of intake data has improved over time. During the collection and coding of dietary recall
data, individual food codes may be linked together using “combination” codes which allow
combining the nutritional information of individual foods that are consumed together at an
eating occasion. For example, sugar in coffee or food mixtures, such as a homemade burrito,
that is reported as separate ingredients: beans, cheese, lettuce and salsa, can be combined
into single food items, though not all aggregated foods are captured by this coding scheme.
In order to describe consumption trends in comparable food and beverage groupings over
time, select combination codes relevant to the current research (specifically, beverages, corn
and tortilla products, soups, and ice cream with additions) were incorporated. For each of
these examples, the nutrient content of every individual item was summed into one
combined food or beverage.
Statistical analysis
Data analyses were conducted in 2012 using Stata (version 11.0, 2009, StataCorp, College
Station, TX). Dietary recalls (Day 1 only) for all 2–18 year olds with data deemed reliable
by the study developers were included in this analysis. In order for estimates to be
representative of the children and adolescents living in the US, analytic weights were
assigned to survey respondents who participated in the dietary recall and account for
differential probabilities of selection and participation. Mean daily energy intakes were
estimated for each survey time period. Differences in energy intake were examined by sex,
age (2–5, 6–11, 12–18), race/ethnicity (non-Hispanic whites, non-Hispanic blacks and
Mexican Americans), family income based on the federal poverty income ratio (gross)
(using three poverty income ratio categories: ≤130% of poverty income ratio, 131–185%
and >185%, and education level of household reference person (< high school, high school
or equivalent degree, some college). To identify the major sources of energy intake, mean
intakes of energy obtained from each food and beverage category were estimated and ranked
for each survey year. To calculate the per capita percent contribution of a particular food or
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beverage group to total daily intake, for each respondent, the energy consumed from a given
food group was divided by their total daily energy consumed. Differences were considered
statistically significant at the p <0.05 level after Bonferonni correction.
A trend analysis for total energy intake and energy intake from food and beverage sources
was conducted by testing the significance of time when modeled as linear, quadratic and
higher order terms in separate multivariate regression models. All models examining time
trends included the following confounders: age, race/ethnicity, family income and education
level of household reference. Testing the statistical significance of the coefficients for the
higher order terms was performed using Wald F tests (p<0.05).
RESULTS AND DISCUSSION
Demographic patterns in the US have shifted over a 20-year period (Table 1), the greatest of
which were a 13 percentage point decrease in the proportion of non-Hispanic Whites, a 9
percentage point decrease in the proportion of adults with a high school or equivalent degree
and a 14 percentage point decrease in the proportion of children from higher income
households between 1989–1991 and 2009–2010.
20-year time trends in energy intake
A significant non-linear time trend in per capita daily energy intake from 1989–2010 was
observed among all subpopulations except middle income children (Table 2). From 1989–
2004, there was a significant, monotonic increase in the per capita total daily energy intake
for US 2–18 year olds. The largest increases were among preschool children (2–5 y old)
(+305 kcal), Mexican Americans (+428 kcal), children in low income families (+437 kcal)
and children with a household reference with high school or equivalent education (+387
kcal) (Table 2). Conversely, total energy intake decreased across the time period of 2003–
2004 to 2007–2008 and remained stable through 2009–2010. For most US children, the
decline brought energy intakes down to levels comparable with those observed in 1989–91.
Only preschool children (2–5 y old), and children in low income families had higher total
energy intakes in 2009–2010 as compared to 1989–91 (Table 2).
The increases we observed from the late 1980’s to the mid 2000’s coincide with earlier
nationally representative literature documenting increases in total energy intakes from 1971–
20066, 18, 34 as well as increases in portion sizes, snacking, eating occasions and the
proportion of calories consumed away from home by US children and adolescents.9, 15–18
However, in contrast to these findings, Kant and Graubard observed no change in total
energy intakes among US children and adolescents from 1988–2008.9
Plausible explanations for these differences exist. While Kant and Graubard utilized
NHANES data from 1988–2002, our study utilized CSFII data over the same time periods to
maintain consistency in food composition data as well as other USDA handling, processing
and coding of survey data. Furthermore, Kant and Graubard combined surveys from 2003–
2008, thus masking the large decreases in energy intakes we observed over these time
periods.
The current study expands our understanding of the long-term trends in child diets by
documenting a post-2004 marked downward shift in reported energy intakes. By 2009–
2010, the total energy intakes of most children and adolescents in the US had declined to
levels observed prior to the sharp rise in obesity in the 1980’s. While these encouraging
findings support continued obesity prevention efforts aimed at improving child diet, we note
that not all groups experienced the same declines. It may be that more intensive
interventions are needed among preschool children (2–5 y old) and children from low
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income families whose total energy intakes in 2009–2010 still remained significantly higher
than in 1989–91.
20-year time trends in food and beverage sources of energy intake
Table 3 lists the 13 food and beverage categories that were ranked within the top 10 sources
of energy intake across all six survey periods. Seven sources were consistently major
contributors (within the top ten sources) across all time points: sugar-sweetened beverages
(SSB), pizza, high fat milk, grain-based desserts, breads, pasta dishes and savory snacks. Per
capita intakes of high fat milk, frankfurters, sausages, luncheon meats and other processed
meat products, ready-to-eat (RTE) cereals and meats decreased from 1989 to 2010, while
per capita intakes of tortilla and corn-based dishes increased over the 21-year period.
Significant non-linear time trends were observed for SSBs, pizza, breads and rolls, savory
snacks, poultry and sweet snacks and candies. Pizza and SSB intake trends were most
similar to those observed for total energy intake with increases from 1989–2004, followed
by subsequent declines. Pizza showed the largest initial increase by doubling from 65 kcal/d
in 1989–91 to 141 kcal/d in 2003–2004 followed by more modest declines to 105 kcal/d by
2009–10. Intakes of savory snacks, poultry and sweet snacks and candies showed more
modest increases from 1989 through the 2003–2006 periods and remained stable from 2003
through 2010. Mean intakes of specific foods contributing at least 2% energy (absolute
intake and percent contribution to daily energy intakes) are presented in Appendix 2. Per
capita intakes of burgers, fried potatoes, fruit juice and vegetables decreased from 1989–
2010, whereas, per capita intakes of low fat milk, quick breads and sandwiches increased
from 1989–2010. Intakes of fruit and rice dishes decreased from 1989–91 through the 2003–
2006 periods and subsequently increased to 2009–2010.
These findings are similar to other studies examining the sources of intake among US
children and adolescents from the late 1960’s through the early 2000’s 6, 7, 12–14, 35, 36 which
show increases in intakes of low fat milks, sweet snacks and candies and decreases in
intakes of high fat milk, breads and meats through early 2003–2004. We demonstrate
subsequent persistence of these trends through 2010. For SSB, while the current findings
show similar increases in intake through 2003–2004 a subsequent decrease in intakes of SSB
was observed through 2009–2010. The SSB trends are also consistent with recent data
demonstrating steady decreases in the availability of SBBs in public elementary schools
since 2006–2007.37
Reducing excessive energy intake, especially from foods and beverages that provide empty
calories from solid fats and added sugars, and improving dietary quality are major goals in
the US.38–41 Eight of the thirteen major contributors to energy intakes across all six survey
periods (pizza, high fat milks, SSB, RTE cereals, sweet snacks and candies, grain-based
desserts and (frankfurters, sausages, luncheon meats and other processed meat products))
represent top dietary sources of SoFAS.42 Indications of potential improvements in US child
diet consistent with recommendations from the Dietary Guidelines include recent increased
intake of fruit and decreased intake of pizza, SSB, high fat milks, and frankfurters, sausages
and luncheon meats, burgers and fried potatoes.38
Limitations
Several cautions are noted to aid in the interpretation of our findings. Across surveys, there
were differences in the population composition which may explain some of the observed
changes. Dietary intake assessment methods and food composition information have
significantly improved over time. Although data presented are based on the first day 24-h
recall from all surveys, the recall methodology was modified to include multiple passes
through the list of foods and beverages in the CSFII 1994–96, 98 and to include the USDA’s
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AMPM in all subsequent WWEIA-NHANES surveys. While validation studies of the
AMPM have not been conducted in children validation studies in adults have shown the
AMPM improved completeness of the recall.43 As such, it is possible that the observed
increases in energy intake from 1989–2004 are an artifact of the more complete capture of
the data.
Despite improvements in dietary assessments methods, research suggests that collecting
reliable and accurate dietary data from children and adolescents remains difficult.44, 45
Underreporting of intake has been associated with factors such as age, race/ethnicity and
body weight status, 45–48 and underreporting appears to be greatest among unhealthy foods
or foods perceived to be related to obesity.48–50 While we note that available dietary intake
methods are considered to be capable of providing unbiased estimates of energy intake at the
population level, it remains possible that with heightened awareness of pediatric overweight
and obesity, the observed decreases from 2005–2006 onwards are a result of the
population’s differential underreporting of dietary behaviors that may be perceived
negatively though other research from our group suggest these changes are real.51
Conclusions
Despite the historical rise and recent plateau of child overweight and obesity, levels remain
exceedingly high as are the resultant health and social consequences for these children over
their lifetime. The current study documents a recent downward shift in reported energy
intakes among US children and adolescents to levels observed prior to the sharp rise in
obesity in the 1980’s. While these encouraging findings support continued obesity
prevention efforts aimed at improving child diet, we note that not all groups experienced the
same declines. It may be that more intensive interventions are needed among preschool
children (2–5 y old) and children from low income families whose total energy intakes in
2009–2010 still remained significantly higher than in 1989–91.
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